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ੳ্ͷΩʔɾϑΝΫλʔ͸2 ͭଘࡏ͓ͯ͠Γɼ1 ͭ͸࠶ੜՄೳࢿݯ(renewable resource)












1ઐ໳తͳ࿦จ͸΋ͱΑΓɼྫ͑͹ Romer (2001; Ch.1, pp.35-43) ΍ Foley and Michl (1999; Ch.12)
ͱֶ͍ͬͨ෦্ڃ͔ΒେֶӃॳڃϨϕϧͷඪ४తͳϚΫϩܦࡁֶͷςΩετʹ͓͍ͯ΋ɼ؀ڥͷ໰୊͕औ
Γ্͛ΒΕΔʹࢸ͍ͬͯΔɽ·ͨɼݱ୅ʹ͓͚Δܦࡁ੒௕ཧ࿦ͷ 1 ͭͷελϯμʔυΛ͍ࣔͯ͠Δ Aghion
and Howitt (1998; Ch.5) Ͱ΋ɼ಺ੜత੒௕ͱ࣋ଓతൃలͱͷؔ܎ੑ͕ٞ࿦͞Ε͍ͯΔɽ





and Smulders (1995; 1996) Ͱ͸ɼޮ༻ؔ਺ʹ͸ফඅʹՃ͑ͯ࠶ੜՄೳࢿݯ͕ߟྀ͞Εɼੜ࢈ؔ਺ʹ͸෺
తͳࢿຊͷଞʹԚછ෺͕౤ೖ͞ΕΔΑ͏ͳηοτɾΞοϓʹͳ͍ͬͯΔɽ












vainen (1991)ɼDi Vita (2002) ͳͲΛΈ͓ͯ͘ͷ͕ద౰Ͱ͋Ζ͏ɽ6 Tahvonen Βͷ
࿦จ͸ɼ࠷ద੒௕ͷϑϨʔϜɾϫʔΫͷதͰ؀ڥͷӨڹΛݕ౼͢Δͱ͍͏ɼΦʔιυο
ΫεͳΞϓϩʔνΛͱ͍ͬͯΔɽ୅දతܦࡁओମͷޮ༻ؔ਺͸ Keeler et al. (1971)౳ͱ
ಉ༷ʹɼফඅͱԚછετοΫ͔Βߏ੒͞ΕΔɽ7 ಛ௃తͳ఺ͱͯ͠͸ɼঢ়ଶม਺ʢstate
variableʣͱͯ͠ 3 छͷੜ࢈ཁૉ͕ߟྀ͞Ε͍ͯΔ͜ͱ͕ڍ͛ΒΕΑ͏ɽͭ·Γɼ൴Β





దղʢsocial optimal solutionʣͱ෼ݖܦࡁʹ͓͚Δࢢ৔ۉߧղʢmarket solutionʣͱ
ͷൺֱΛࢼΈ͍ͯΔɽރׇੑࢿݯͷऔΓѻ͍౳ɼҟͳΔ఺΋͋Δ͕ Tahvonen Βͷ࿦จ
͸զʑͷ෼ੳʹൺֱత͍ۙ΋ͷͱͯ͠Ґஔ͚ͮΒΕΑ͏ɽ










௕ʹ༩͑ΔӨڹ΍ϦαΠΫϧʹΑΔ࠶ੜࢿݯͷੜ࢈ (secondary materials production)
͕ݸਓͷޮ༻ʹٴ΅͢ӨڹͳͲ͕ҰൠۉߧମܥͷதͰٞ࿦͞Ε͍ͯΔɽ11 ͜ͷ࿦จͰ
6͜ͷଞʹ΋ྫ͑͹ɼݚڀɾ։ൃʹΑΔ಺ੜతٕज़ਐาͱ࠶ੜՄೳࢿݯͷ໰୊Λ෼ੳ͍ͯ͠Δൺֱత࠷






















ͷͱͯ͠͸ɼBarbier (1999) ͕ɼϩʔϚʔɾλΠϓ (Romer, 1990) ͷ಺ੜతٕज़ਐาϞ
σϧʹރׇੑࢿݯΛಋೖͯ͠෼ੳΛల։͍ͯ͠ΔɽϞσϧߏ଄͸ɼ2 ෦໳Ϟσϧͱͳͬ
͓ͯΓɼ࠷ऴࡒͷੜ࢈ͱ஌ࣝ(knowledge) ͷੜ࢈͕ͱ΋ʹskilled labor ͷ౤ೖʹΑͬͯ




׆ಈ (R&D ׆ಈ) ͕ࣗવࢿݯͷ੍໿ʹ෰͢ΔΑ͏ͳέʔεΛ෼ੳ͍ͯ͠Δɽͦͷ݁Ռɼ
ރׇੑࢿݯͷ੍໿͕ R&D ׆ಈΛ੍໿͢ΔΑ͏ͳঢ়گʹ͓͍ͯ΋ɼࢿݯར༻΍ R&D ϓ
ϩηεʹ͍ͭͯͷద౰ͳԾఆͷԼͰɼ࣋ଓత੒௕͕ୡ੒ՄೳͰ͋Δ͜ͱΛ͍ࣔͯ͠Δɽ
͜ͷؼ݁ΑΓɼ൴ͷϞσϧͰ͸಺ੜత੒௕͕ࢿݯͷރׇΛ྇կ͢Δ͜ͱʹͳΔɽ
·ͨɼ਺ཧతଆ໘͔Β͸ɼGroth and Schou (2002) ͕ɼδϣʔϯζɾλΠϓ (Jones,






੒௕཰ͷɼબ޷ύϥϝʔλ͔Βͷಠཱੑͱ͍͏ weak point ͕վળ͞ΕΔ͜ͱ͕ࣔ͞Ε
Δɽ16 Ҏ্Λཁ໿͢ΔͳΒ͹ɼStiglitz ྲྀͷੜ࢈ؔ਺ͷऩ֭Ұఆੑͱ͍͏ԾఆΛ͸ͣ͠
12ރׇੑࢿݯʹؔ͢ΔϚΫϩ෼ੳͷઌۦతݚڀ͸ɼઌʹ΋ड़΂ͨ Stiglitz (1974) Ͱ͋Δɽঘɼ਺ཧతଆ






labor Λ௨ৗͲ͓Γ raw labor ͱղऍͯ͠΋ɼఆੑతͳ݁࿦ʹӨڹ͸ੜ͡ͳ͍ɽ
14ҟ࣌఺ؒʹΘͨΔޮ༻ͷྲྀྻ͸ɼϥϜθʔɾΩϟεɾΫʔϓϚϯεϞσϧͱಉ͘͡ɼফඅͷྲྀྻ͔Β
ͷΈߏ੒͞ΕΔɽ
15४಺ੜత੒௕Ϟσϧʹؔ͢Δٞ࿦ʹ͍ͭͯ͸ɼEicher and Turnovsky (1999) Λࢀর͞Ε͍ͨɽ
16Solow (2000, pp.134) ʹґΕ͹ɼ಺ੜత੒௕ཧ࿦ʹͱͬͯબ޷ύϥϝʔλ͸ۃΊͯॏཁͳҙຯΛ࣋ͭ
ͱ͍͏ɽThe signiﬁcance is that the rate of growth of consumption per head, the key rate of growth in
terms of which all other rates of growth can be expressed, depends among other things on ρ and σ.
So the preference parameters aﬀect the rate of growth, and that is what is generally meant by saying



















ߦ͖ͬͯͨϨϏϡʔΛجૅʹɼಛʹ Schou (2000) ͷ෼ੳʹཹҙ͠ͳ͕Βզʑͷຊ࿦Ͱ
ͷ෼ੳ಺༰Λ֓؍͍ͯ͘͠ɽ
ຊ࿦ͷٞ࿦͕໨ඪͱ͢Δͷ͸ɼઌʹ΋ड़΂ͨΑ͏ʹɼ؀ڥࢿݯར༻ʹ·ͭΘΔ໰୊Λ








































෇࿦ A Ͱ͸ɼϞσϧͷৄࡉͳಋग़աఔ͕༩͑ΒΕɼ෇࿦ B Ͱ͸ɼϞσϧͷہॴత҆ఆ






















t ,A , α 1,α 2,α 3,α 4 > 0,  ≥ 0. (1)
6ͨͩ͠ɼStiglitz (1974) ʹͳΒ͍ α1 +α2 +α3 +α4 =1ͱ͢Δɽ19 ·ͨɼม਺ A ͸֎
ੜతͳٕज़ύϥϝʔλͰ͋Δɽ
Ԛછ෺ͷੜ੒ϓϩηε
ރׇੑࢿݯΛ࢖༻͢Δ͜ͱʹΑΓɼԚછ෺ (pollutants) P ͕෭࢈෺ͱͯ͠Ұఆׂ߹ൃੜ
͢Δ΋ͷͱ͢ΔɽSchou (2000) ౳ʹͳΒͬͯɼզʑ͸͜ͷωΨςΟϒͳϝΧχζϜΛ
࣍ͷΑ͏ͳൺֱత؆୯ͳؔ਺ܗͰදݱ͢Δɽ20
P = BEµ,B , µ > 0 (2)
࠷ऴࡒͷ෼഑
ੜ࢈͞Εͨ࠷ऴࡒ͸ɼ௨ৗͷΑ͏ʹফඅͱࢿຊࡒ΁ͷ౤ࢿʹৼΓ෼͚ΒΕΔ΋ͷͱ͢Δɽ
˙ K = Y − cL, K(0) = K0 > 0 (3)
ͨͩ͠ɼc ͸ 1 ਓ͋ͨΓফඅΛද͢ɽ·ͨɼ؆୯ԽͷͨΊʹࢿຊݮ໣͸ࣺ৅͢Δɽ
࿑ಇࢢ৔ͷۉߧ৚݅
૯࿑ಇྗ (L) ͸࠷ऴࡒηΫλʔ (LY ) ͱ࠶ੜՄೳࢿݯηΫλʔ (LR) ʹ഑෼͞ΕΔ΋ͷ
ͱ͢Δɽͨͩ͠ɼ؆୯ԽͷͨΊਓޱ੒௕Λࣺ৅͢ΔɽҎ্ͷ૝ఆͷԼͰ͸ɼ࿑ಇࢢ৔ͷ
ۉߧ৚݅͸ҎԼͷࣜͰද͞ΕΔɽ
LY + LR = L
࠶ੜՄೳࢿݯ
࠶ੜՄೳࢿݯʹ͍ͭͯͷಈֶํఔࣜʢભҠࣜʣ͸ɼҎԼͷΑ͏ʹද͞ΕΔɽ
˙ R = F(R) − X, R(0) = R0,X≥ 0
ͨͩ͠ɼF(R) ͸࠶ੜؔ਺Ͱ͋Γɼ࠶ੜՄೳࢿݯ (R) ͕ຊདྷ࣋ͭࣗݾ࠶ੜೳྗΛද͢΋
ͷͰ͋Δɽ·ͨɼX ͸࠶ੜՄೳࢿݯͷ࢖༻ʹΑΔݮ໣ʢϑϩʔʣͰ͋Δɽ͜͜Ͱ֤ظ
ͷ࠶ੜՄೳࢿݯͷ࢖༻ʹΑΔݮ໣͸ͦͷظटͷετοΫਫ४ͷҰఆׂ߹Ͱ͋Δɼ͢ͳ
Θͪ X ≡ γRͰ͋Δͱ͢Δͱɼ্ࣜ͸ҎԼͷΑ͏ʹॻ͖௚͢͜ͱ͕Ͱ͖Δɽ
˙ R = F(R) − γR, R ≥ 0
ຊ࿦Ͱ͸ɼઌड़ͷͱ͓Γɼ࠶ੜؔ਺ F ͕ͦͷࢿݯ R ͷࣗݾ࠶ੜೳྗͷΈͳΒͣɼࢿ
ݯճ෮ͷͨΊʹඅ΍͞ΕΔ࿑ಇ (LR) ʹ΋ґଘ͢Δ΋ͷͱߟ͑Δɽ͜Ε͸ɼ࠶ੜՄೳࢿ




ମ͸ 1 ୯Ґͷ࿑ಇ࣌ؒΛอ༗͓ͯ͠Γɼͦͷ 1 ୯Ґͷอ༗࣌ؒͷ͏ͪɼu ͷׂ߹Λ্ड़
ͨ͠ੜ࢈׆ಈʹɼ࢒Γͷ 1−u Λࢿݯճ෮ͷͨΊʹඅ΍͢΋ͷͱ͢Δͱɼ࠶ੜՄೳࢿݯ
ͷಈֶํఔࣜ͸ҎԼͷࣜͷΑ͏ʹॻ͖௚͢͜ͱ͕Ͱ͖Δɽ




˙ R = D(1 − u)LR − γR, D > 0,R ≥ 0 (4)





˙ S = −E, S(0) = S0 > 0 (5)




























ऀ (social planner) ͸ɼ(1)-(5) ࣜͷ੍໿৚݅܈ͷ΋ͱͰɼ(6) ࣜʹΑͬͯදݱ͞ΕΔ୅
දతՈܭͷҟ࣌఺ؒʹΘͨΔޮ༻ͷੵ෼࿨Λ࠷େԽ͠Α͏ͱ͢Δɽࣾձతܭըऀͷ࠷
దԽߦಈ͸࣍ͷΑ͏ʹఆٛ͞ΕΔɽ




(current-value Hamiltonian) ΛҎԼͷΑ͏ʹηοτΞοϓ͠ɼPontryagin ͷ࠷େ஋ݪ




L + λK{AKα1(uL)α2Rα3Eα4(BEµ)−  − cL}




෇͚ΒΕΔɽৄ͘͠͸ɼArrow and Kurz (1970)ɼHalkin (1974) ౳ΛࢀরͤΑɽ
ఆཧ 1 [c(t),K (t),u (t),R (t),S (t),E (t)] ͕ܦࡁ੒௕ͷ௕ظۉߧܦ࿏Ͱ͋ΔͳΒ͹ɼ
Լهͷ৚݅Λຬ଍͢ΔΑ͏ͳ࿈ଓඍ෼Մೳͳ࿈ଓؔ਺ λK(t):[ 0 , ∞) →  ɼλR(t):
[0, ∞) →  ɼλS(t):[ 0 , ∞) → ͕ଘࡏͯ͠ɼҎԼʹࣔ͢Α͏ͳ 1 ֊ͷ৚͕݅੒ཱ͠
͍ͯΔɽ
͕ͨͬͯ͠ఆཧ 1 ΛΈͨ͢৚݅ͱͯ͠ɼ3 ͭͷૢ࡞ม਺ (cɼuɼE) ͱ 3 ͭͷঢ়ଶม਺
(KɼRɼS) ʹؔͯ͠ɼ಺఺ղΛಘΔͨΊͷ 1 ֊ͷ৚݅͸࣍ͷΑ͏ʹٻΊΒΕΔɽ








































ఆٛ 2 ఆৗঢ়ଶͰ͸ɼY ɼKɼc ͷॾม਺͸ɼಉ཰ͷҰఆ཰Ͱ੒௕͠ͳ͚Ε͹ͳΒͳ




K = ˙ c
c Ͱ͋Δɽ·ͨಉ༷ʹͯ͠ɼR
͓Αͼ E ΋ఆৗঢ়ଶͰ͸Ұఆ཰Ͱ੒௕͢ΔͷͰ ( ඞͣ͠΋ಉ཰Ͱ͸ͳ͍ )ɼͦΕΒͷม
਺ͷ੒௕཰Λ gRɼgE Ͱද͢͜ͱʹ͢Δɽ






α4 − µ 
1 − α1
gE (14)
͜ͷ (14) ࣜΑΓɼ౰֘ܦࡁͷ੒௕཰ g ͸ɼgR ͱ gE ͷઢܗ݁߹ʹΑͬͯදݱ͞ΕΔ͜
ͱ͕Θ͔Δɽ͜͜ͰҎԼͷԾఆΛஔ͘ɽ
Ծఆ 1 ࠷ऴࡒੜ࢈ʹ઎ΊΔރׇੑࢿݯͷ౤ೖγΣΞ͸ɼα4 >µ  ͱ͍͏ؔ܎ΛΈͨ͢
΋ͷͱ͢Δɽ͢ͳΘͪɼੜ࢈׆ಈ΁ͷރׇੑࢿݯར༻ͷϙδςΟϒͳޮՌ͕࣮࣭తͳω
ΨςΟϒͳޮՌΛ্ճΔ΋ͷͱߟ͑Δɽ
(14) ࣜͷؔ܎Λར༻ͯ͠ɼ۩ମతʹܦࡁ੒௕཰ΛٻΊΔͱɼͦΕ͸ (15) ࣜͰද͞ΕΔɽ
g =
α3(DL− γ) − ρ(α2 + α4 − µ )
(α2 + α3 + α4) − (1 − θ)(α2 + α4 − µ )
(15)
24(14) ࣜΛ͸͡Ίͱͯ͠ɼຊઅͰఏࣔ͞ΕΔॾࣜͷಋग़աఔʹ͍ͭͯ͸෇࿦ A Λࢀর͞Ε͍ͨɽ
10͜ͷ੒௕཰ܾఆࣜΑΓɼྫ͑͹࠶ੜՄೳࢿݯͷੜ࢈ੑύϥϝʔλ D ্͕ঢ͢Δͱɼܦ
ࡁ੒௕཰͸ߴ·Δ͜ͱͳͲɼ͞·͟·ͳཁૉͷมԽʹର͢ΔϚΫϩܦࡁత൓Ԡ͕໌Β





α3(DL− γ) − ρ(α2 + α4 − µ ) > 0 (16)
͜͜ͰɼҎԼͷΑ͏ͳ௥ՃతԾఆΛஔ͘ɽ










α3(1 − θ)(DL− γ)(µ  − α4)+( α2 + α3 + α4){α3(DL− γ) − α2ρ}





ճ෮ͷ૒ํʹ༻͍ΒΕΔ͜ͱ͕ඞཁͰ͋Δ (͢ͳΘͪɼ0 <u<1 Ͱ͋Δͱ͍͏͜ͱ)ɽ
͜Ε͸ҎԼͷύϥϝʔλ੍໿ʹΑͬͯอূ͞ΕΔɽ





α3(1 − θ)(DL− γ) − ρ(α2 + α3 + α4)
(α2 + α3 + α4) − (1 − θ)(α2 + α4 − µ )
(19)
͜ͷࣜͷ࠷΋جຊతͳϓϩύςΟͱͯ͠ɼI.S. ৚݅ (18)ࣜΛߟྀ͢Δͱɼ࣍ͷิ୊ 1 ͕
ಘΒΕΔɽ
11ิ୊ 1 ރׇੑࢿݯ࢖༻ʢϑϩʔʣͷ੒௕཰gE ͸ɼఆৗঢ়ଶɼ͢ͳΘͪ balanced growth
path ্ʹ͓͍ͯෛͰ͋Δɽ
ূ໌: (19) ࣜΑΓɼͦͷ෼฼͸ 0 <θ<1 ͱ͍͏ԾఆΑΓ໌Β͔ʹਖ਼Ͱ͋ΔɽҰํɼ
෼ࢠʹ͍ͭͯ͸ઌ΄Ͳͷ I.S. ৚݅ ((18) ࣜ) ΑΓɼඞͣෛͱͳΔɽ͜ͷ͜ͱ͔Βɼఆৗ
ঢ়ଶʹ͓͚Δރׇੑࢿݯ࢖༻ʢϑϩʔʣͷ੒௕཰͸ෛ஋ΛͱΔ͜ͱ͕Θ͔Δɽ
͜Ε·Ͱͷٞ࿦Ͱ͸ɼ࠶ੜՄೳࢿݯͷ੒௕཰ gR ʹ͍ͭͯɼ໌ࣔతʹͦͷූ߸Λ֬ఆ
ͯ͜͠ͳ͔ͬͨɽ͔͠͠ͳ͕Βɼ(14)ɼ(16) ࣜͱԾఆ 1 ͓Αͼิ୊ 1 ͷ݁ՌΛར༻͢Δ
ͱɼgR ͷූ߸͕ࣗಈతʹܾఆ͞ΕΔɽ͢ͳΘͪ
ิ୊ 2 ఆৗঢ়ଶͰ͸ɼ࠶ੜՄೳࢿݯͷ੒௕཰ gR ͸ඞͣਖ਼Ͱ͋Δ.
ূ໌: ·ͣ (16) ࣜͷ E.G. ৚݅͸ɼܦࡁ੒௕཰ͷਖ਼஋ੑΛอূ͢Δ͔Βɼ͜ͷ͜ͱΛ








ڹʹ͍ͭͯ෼ੳ͢Δɽର৅ͱ͢Δύϥϝʔλ͸(θ, ρ, D, γ,  , µ, α3,α 4)Ͱ͋Δɽຊ࿦
Ͱ͸ɼ͜ΕΒͷύϥϝʔλͷ͏ͪɼ(θ, ρ, D)Λબ޷ɾٕज़ύϥϝʔλɼ(γ,  , µ, α3,α 4)
Λ؀ڥͷมԽʹ෇ਵ͢ΔύϥϝʔλʢҎԼɼ؀ڥύϥϝʔλʣͱݺͿ͜ͱʹ͢Δɽ
2.4.1 બ޷ɾٕज़ύϥϝʔλ





{α3(DL− γ) − ρ(α2 + α4 − µ )}(α2 + α4 − µ )




(α2 + α3 + α4){α3(DL− γ) − ρ(α2 + α4 − µ )}




α2α3(α2 + α4 − µ ){α3(DL− γ) − ρ(α2 + α4 − µ )}
(α3∆)2 < 0 (22)
12ͨͩ͠ɼ∆ ≡ (α2 + α3 + α4) − (1 − θ)(α2 + α4 − µ ) > 0 Ͱ͋Δɽ·ͨɼ(20) ࣜͷූ
߸ܾఆʹ͸ɼE.G. ৚݅ʢ(16) ࣜʣ ɼ͓ΑͼԾఆ 2 ʹ͓͚Δ α2 + α4 >µ  Λɼ(21)ɼ͓






























α2(α2 + α3 + α4)
α3∆
< 0 (25)

















































































µ{ρ(α2 + α3 + α4) − α3(1 − θ)(DL− γ)}




µ(1 − θ){α3(1 − θ)(DL− γ) − ρ(α2 + α3 + α4)}




α2α3µ(1 − θ){ρ(α2 + α3 + α4) − α3(1 − θ)(DL− γ)}
(α3∆)2 > 0 (34)






















26ఆৗঢ়ଶʹ͓͍ͯɼෛ஋ΛͱΔ gE ͕   ͷ্ঢʹΑΓɼ͞Βʹ௿Լ͢Δ͜ͱʹ͸ཹҙ͞Ε͍ͨɽ
27ੜ࢈ؔ਺ (1) ࣜͷ྆ลͷ੒௕཰ΛͱΔͱɼg = ···+α4gE − gP ͱͳΔɽͨͩ͠ gP =
˙ P
P Ͱ͋ΔɽgP








 {ρ(α2 + α3 + α4) − α3(1 − θ)(DL− γ)}




 (1 − θ){α3(1 − θ)(DL− γ) − ρ(α2 + α3 + α4)}




α2α3 (1 − θ){ρ(α2 + α3 + α4) − α3(1 − θ)(DL− γ)}
(α3∆)2 > 0 (37)











θ(DL− γ)(α2 + α4)+( 1− θ)(DL− γ)µ  + ρ(α2 + α4 − µ )




{θ(DL− γ)(α2 + α4)+ρ(α2 + α4 − µ )+µ (1 − θ)(DL− γ)}




α3{(α2 + α3 + α4) − (1 − θ)(α2 + α4 − µ )}
(α3∆)2
×
[(1 − α3)(DL− γ){(α2 + α3 + α4) − (1 − θ)(α4 − µ )}
(α3∆)2 (40)
+{α3(DL− γ) − α1α2ρ}]
(α3∆)2 > 0
ͱٻΊΒΕΔɽͨͩ͠ɼ(38)ɼ(39) ࣜͷූ߸ܾఆʹࡍͯ͠͸ɼԾఆ 2 Λ༻͍ͨɽ·ͨɼ





















−ρ(α3 + µ ) − α3θ(DL− γ)




−ρ(1 − θ)(α3 + µ ) − α3θ(1 − θ)(DL− γ)




α2α3(1 − θ){(DL− γ)+ρ(α3 + µ )}
(α3∆)2 < 0 (43)
























Parameter g −gE gR
θ − + −
ρ − + −
D + − +
γ − + −
  + − +
µ + − +
α3 + − +



































































































































































ڠྗࣄۀஂʣ౳͕؀ڥ ODA Λߦ͍ͬͯΔɽͦͷଞʹ΋ɼUNEPʢࠃ࿈؀ڥܭըʣ͸ɼGEMS/GRID ʹ
ΑΔੈքͷ؀ڥͷϞχλϦϯά৘ใఏڙɼ؀ڥԉॿͷ஥հΛߦ͏ΫϦΞϦϯάϋ΢εͷ࣮ࢪɼηϛφʔʹ
ΑΔਓࡐҭ੒ɼ؀ڥڭҭɼ޿ใͳͲଟ͘ͷ෼໺ʹΘ్্ͨͬͯࠃͷ؀ڥ໰୊ղܾ౒ྗΛࢧԉ͍ͯ͠Δɽঘɼ




ͷ 1 ͭͱͯ͠ɼ࠶ੜࢿݯͷอશؚ͕·Ε͍ͯΔɽҰํɼGRID ͱ͸ɼ஍ٿࢿݯ৘ใσʔλϕʔεʢGlobal




؀ڥ໰୊ͷ෼ੳʹ͓͍ͯ͸ɼҰൠʹ؀ڥ֎෦ੑ (environmental externality) ͕ଘࡏ
͢Δ͜ͱ͔Βɼதԝܭըܦࡁͷղͱ෼ݖܦࡁͷղͷؒʹ͸ဃ཭͕ੜ͡ΔͰ͋Ζ͏ɽྫ͑




































Ͱ͋Δɽ͜ΕΒ 1 ֊ͷ৚͔݅Β࠷ऴࡒੜ࢈ͷ੒௕཰ (g)ɼ࠶ੜՄೳࢿݯʹ͍ͭͯͷ੒௕
཰ (gR)ɼރׇੑࢿݯʹ͍ͭͯͷ੒௕཰ (gE) ΛٻΊΔͱɼதԝܭը໰୊ʹ͓͚ΔͦΕͧ
Εͷ੒௕཰ (15)ɼ(17)ɼ(19) ࣜͱҰக͢Δɽ33 ͕ͨͬͯ͠ɼڻ͘͜ͱʹຊ࿦ͷϞσϧ
Ͱ͸ɼܭըղͱ෼ݖղͱ͕ੇ෼ҧΘͣҰக͢Δ͜ͱʹͳΔɽ͜ͷΑ͏ͳؼ݁ͷཁҼ͸
ҰମͲ͜ʹ͋ΔͷͩΖ͏͔ɽ
͍·ɼ(44)-(49) ࣜΛΈΔͱɼதԝܭը໰୊ͷͱ͖ͱҟͳΔͷ͸ (46) ࣜɼ͢ͳΘͪރ
ׇੑࢿݯϑϩʔʹؔ͢Δ੩ֶత࠷ద৚݅ͷΈͰ͋Δɽ͜͜Ͱɼ෼ݖܦࡁʹ͓͚Δۉߧ












gλK +  gP − (1 + µ )gE + g = gλS
ҰํͰɼதԝܭըܦࡁͰ (46) ࣜʹରԠ͢Δ৚݅ࣜɼ͢ͳΘͪ (10) ࣜʹ্ؔͯ͠ͱಉ༷
ͷΦϖϨʔγϣϯΛߦ͏ͱɼ࣍ͷΑ͏ͳ͕ࣜಘΒΕΔɽ34
gλK − gE + g = gλS
͜ΕΒͷ݁ՌΑΓɼதԝܭըܦࡁͱ෼ݖܦࡁͷؒͷဃ཭෼͸  gP − µ gE ͱ͍͏͜ͱ͕
Θ͔Δɽ
ͱ͜ΖͰۉߧ৚݅ P = BEµ ΑΓɼఆৗঢ়ଶͰ͸ gP = µgE ͱ͍͏ؔ܎͕੒ཱ͢Δ͔
Βɼ͜ΕΛဃ཭෼ʹ࢖༻͢Δͱ  gP − µ gE =0ͱͳΔɽ͢ͳΘͪɼ֎෦ੑΛݪҼͱ͠
ͨ྆ܦࡁؒͰͷղͷဃ཭͸ɼຊϞσϧͰ͸׬શʹΦϑηοτ͞ΕΔ͜ͱʹͳΔɽ͜͏͠
ͨ͜ͱ͕ੜ͡Δཧ༝͸ɼඇৗʹ௚ײతͳ΋ͷͰ͋Δɽͭ·ΓɼզʑͷϞσϧͰ͸ɼԚછ
෺ P ͔Βൃੜ͢ΔݶքతͳෛͷޮՌ  gP ͱɼރׇੑࢿݯ E ͷར༻͔Βੜ͡Δݶքతͳ












໋୊ 3 ͷܥ ݱ࣮ͷ؀ڥධՁͷࡍʹɼԚછഉग़෺࣭ͷ࢖༻ྔͱ͔ͦ͜Βഉग़͞ΕΔ࣮
ࡍͷԚછ෺ྔ͕୯७ͳൺྫతؔ܎Ͱද͞Εͳ͍ʹ΋͔͔ΘΒͣɼ୯७ͳൺྫతؔ܎Λ
جʹ؀ڥѱԽͷΠϯύΫτ͕ܭࢉ͞Ε͍ͯΔͱͨ͠ΒɼͦΕ͸Ԛછ෺࣭ͷෛͷӨڹΛ














੒௕ͷ໰୊ʹয఺Λ͋ͯ෼ੳ͕ͳ͞ΕΔɽ͜͜Ͱ෇࿦ B ʹࣔ͞Ε͍ͯΔ (B12)-(B15)
ࣜΛར༻ͯ͠Ґ૬ਤΛඳ͖ɼͦͷಛੑΛௐ΂Δ͜ͱʹ͢Δɽ෇࿦ B Ͱ΋ड़΂͍ͯΔΑ
͏ʹɼ͜ΕΒ4 ຊͷಈֶํఔࣜମܥʹΑͬͯɼγεςϜͷಈֶ͕׬શʹهड़͞ΕΔɽ͸
͡ΊʹɼgZ1 =0ઢɼgZ2 =0ઢɼgZ3 =0ઢΛಋग़͠Α͏ɽͦΕΒ͸ҎԼͷΑ͏ʹٻΊ
ΒΕΔɽ
ˆ Z2 =( 1− α1)
 
α1 + α3 + µ 








































͜ΕΒ (50)-(53)ࣜΛ༻͍Δ͜ͱͰɼୈ1৅ݶʹZ1 ͱZ2ɼୈ 2৅ݶʹZ3 ͱZ2ɼͦͯ͠
ୈ3৅ݶʹ Z3 ͱuͷؔ܎Λ౷߹తʹࣔ͢Ґ૬ਤΛඳ͘͜ͱ͕Ͱ͖Δɽ͜ͷͱ͖gZ1 =0
ઢͷ܏͖͸ɼඞͣਖ਼஋ΛͱΔɽҰํɼgZ2 =0ઢʹ͍ͭͯ͸ਖ਼ෛ͕Ұҙʹܾఆ͞Εͳ͍ɽ
ࣄલతʹՄೳͱࢥΘΕΔέʔεͱͯ͠ɼୈ 1 ৅ݶʹ͓͍ͯ gZ2 =0ઢͷ܏͖͕ gZ1 =0









α3+µ  > 1 − α1
θ > 0 ͷέʔε
(ii) gZ2 =0ઢͷ܏͖͕ෛͷ࣌ɼ͢ͳΘͪθ<α 1ͷέʔε
ͨͩ͠ɼ͜͜Ͱ (i) ͷέʔεʹ͓͍ͯ͸ɼgZ2 =0ઢͷ܏͖͸ਖ਼ͰɼgZ1 =0ઢͷͦΕΑ
Γ΋খ͘͞ͳΔ͜ͱʹ͸ཹҙ͞Ε͍ͨɽ35


































(gZ3 =0 )  ઢ
(gZ1 =0 ) b ઢ





ਤ 2: (i) ͷέʔε
͍· 1 ͭͷྫͱͯ͠ɼԚછ෺͕ੜ࢈ੑʹ༩͑Δෛͷ֎෦ޮՌͷΠϯύΫτΛද͢ύ
ϥϝʔλͰ͋Δ   ͕มԽͨ͠৔߹Λߟ͑Α͏ɽਤ 2 ͸ɼέʔε (i) ͷ৔߹Λද͍ͯ͠Δɽ















µ(1 − α1)α1 ˆ Z1
(α3 + µ )2 < 0
ͱͳΔͷͰɼඞͣԼํʹγϑτ͢Δɽͨͩ͠ɼ͜͜Ͱཹҙ͠ͳ͚Ε͹ͳΒͳ͍͜ͱ͸ɼ
∂ ˆ Z2
∂  < 0 ͷ౓߹͍ (ઈର஋) ʹΑͬͯɼਤࣔ͞Ε͍ͯΔΑ͏ʹ (gZ1 =0 ) aʢέʔε ʣͱ
(gZ1 =0 ) bʢέʔε ʣͷ 2 ௨ΓͷมԽ͕ߟ͑ΒΕΔ͜ͱͰ͋Δɽ
·ͣɼgZ1 =0ઢ͕ (gZ1 =0 ) a ઢʹγϑτ͢Δέʔε ΛݟͯΈΑ͏ɽ͜ͷͱ͖ɼۉ
ߧ఺͸ E ͔Β Ea ΁ͱҠΔɽ36 ͦΕʹ൐͍ɼ࢈ग़ɾ෺తࢿຊൺ཰ Z1 ͸ ˆ Z∗
1 ͔Β ˆ Za
1 ΁
ͱ্ঢ͠ɼফඅɾ෺తࢿຊൺ཰Z2 ΋ ˆ Z∗
2 ͔Β ˆ Za
2 ΁ͱ্ঢ͢ΔɽҰํͰɼރׇੑࢿݯͷ
ϑϩʔɾετοΫൺ཰ Z3 ͸ɼ౰ॳͷ ˆ Z∗
3 ͔Β ˆ Za
3 ΁ͱ௿Լ͢Δɽ࠷ޙʹɼࡒੜ࢈ʹׂ͘
࿑ಇ࣌ؒγΣΞ u ͸ɼ ˆ u∗ ͔Β ˆ ua ΁ͱݮগ͢Δɽ͢ͳΘͪɼ࠶ੜՄೳࢿݯͷ஝ੵʹׂ͘
ۉߧ࿑ಇ࣌ؒγΣΞ 1 − ˆ u ͸૿Ճ͢Δɽ͜ͷ͜ͱ͔Βɼ  ͷ্ঢ͸ɼރׇੑࢿݯͷར༻
Λ཈੍͠ɼ࠶ੜՄೳࢿݯͷੜ࢈Λ׆ൃԽͤ͞Δ͜ͱ͕Θ͔Δɽ
36ۉߧ఺ E ͸ɼαυϧܦ࿏҆ఆతͳۉߧͰ͋Δɽۉߧ΁ͱऩଋ͢Δύε͸఺ઢͷ໼ҹͰࣔ͞Ε͍ͯΔɽ
26࣍ʹɼgZ1 =0ઢ͕ (gZ1 =0 ) b ઢʹγϑτ͢Δέʔε ΛݟͯΈΑ͏ɽ͜ͷͱ͖ɼۉ
ߧ఺͸ E ͔Β Eb ΁Ҡಈ͢ΔɽZ1 ͸ɼ ˆ Z∗
1 ͔Β ˆ Zb
1 ΁ͱ௿Լ͠ɼZ2 ΋ ˆ Z∗
2 ͔Β ˆ Zb
2 ΁ͱ
௿Լ͢ΔɽͦͷҰํͰɼZ3 ΋ ˆ Z∗
3 ͔Β ˆ Zb
3 ΁ͱ௿Լ͢Δɽ͜ͷͱ͖ɼ ˆ Za
3 > ˆ Zb
3 ͳΔؔ܎
ʹͳΔ͔ΒɼރׇੑࢿݯͷϑϩʔɾετοΫൺ཰͸ɼέʔε ʹൺͯ͠͞Βʹେ͖͘௿
Լ͢Δ͜ͱʹͳΔɽu ʹ͍ͭͯ΋ɼ ˆ u∗ ͔Β ˆ ub ΁ͱݮগ͢Δ͕ɼ ˆ ua > ˆ ub Ͱ͋ΔͷͰɼˆ u
͸έʔε ΑΓ΋ɼ͞Βʹେ͖͘ݮগ͠ɼٯʹ࠶ੜՄೳࢿݯͷ஝ੵ׆ಈ͸ΑΓҰ૚׆
ൃԽ͢Δ͜ͱʹͳΔɽ
͜ͷέʔε Λղऍ͢Δͱɼ ͷݶքతͳมԽʹΑΔ ˆ Z2 ͷมԽ͕ ∂ ˆ Z2
∂  = −
µ(1−α1)α1 ˆ Z1
(α3+µ )2
Ͱ͔͋ͬͨΒɼ1 ͭͷྫͱͯ͠ɼ૬ରతʹ࠶ੜՄೳࢿݯͷ౤ೖγΣΞ α3 ͕ࣄલతʹେ
͖͍έʔεͰ (gZ1 =0 ) b ઢ΁ͷγϑτݱ৅͕ى͜ΔɽΑͬͯɼ  ্͕ঢͨ͠ͱ͖ɼα3 ͕
૬ରతʹେ͖͍ܦࡁͰ͸ɼࠓ·Ͱʹൺͯ͠ΑΓҰ૚ɼ࠶ੜՄೳࢿݯͷ஝ੵ͕ଅਐ͞Ε



















࣍ʹ (ii) ͷέʔεɼ͢ͳΘͪ θ<α 1 Ͱ͋Δ৔߹ʹ͍ͭͯߟ͍͑ͯ͜͏ɽ͜ͷέʔε







































(gZ1 =0 ) b ઢ





(gZ3 =0 )   ઢ
ਤ 3: (ii) ͷέʔε
͸͡Ίʹέʔε ͷͱ͖ʹ͸ɼgZ1 =0ઢ͕ (gZ1 =0 ) a ΁ͱγϑτ͠ɼ৽ͨͳۉߧ͸
Ea ΁ͱҠಈ͢Δɽ͜ΕʹΑΓɼZ1 ͸ ˆ Z∗
1 ͔Β ˆ Za
1 ΁ͱ্ঢ͠ɼٯʹ Z2 ͸ ˆ Z∗
2 ͔Β ˆ Za
2
΁ͱ௿Լ͢Δɽ·ͨɼZ3 ͸ɼ౰ॳͷ ˆ Z∗
3 ͔Β ˆ Za
3 ΁ͱ௿Լ͢Δɽ࠷ޙʹɼu ͸ɼ ˆ u∗ ͔Β
ˆ ua ΁ͱݮগ͢Δɽ
ଓ͍ͯέʔε Ͱ͸ɼgZ1 =0ઢ͕ (gZ1 =0 ) b ΁γϑτ͢Δ͔Βɼ৽͍͠ۉߧ఺͸
Eb Ͱ͋Δɽ͜ͷมԽʹΑͬͯɼZ1 ͸ ˆ Z∗
1 ͔Β ˆ Zb
1 ΁ͱ௿Լ͠ɼٯʹ Z2 ͸ ˆ Z∗
2 ͔Β ˆ Zb
2 ΁
ͱ্ঢ͢Δɽ·ͨɼZ3 ʹ͍ͭͯ΋ɼॳظͷ ˆ Z∗
3 ͔Β ˆ Zb
3 ΁ͱ௿Լ͢Δɽ࠷ޙʹɼu ΋ ˆ u∗
͔Β ˆ ub ΁ͱݮগ͢Δɽ
͜͜Ͱ෼ੳ݁ՌΛٞ࿦͢Δલʹɼ1 ͭ֬ೝ͓͔ͯ͠ͳ͚Ε͹ͳΒͳ͍͜ͱ͕͋Δɽͦ
Ε͸ɼ͜ͷ (ii) ͷ৔߹ʹ͓͚Δέʔε ͷ࣮ߦՄೳੑʹ͍ͭͯͰ͋Δɽ্ͷ෼ੳΑΓ
έʔε Ͱ͸ɼ  ͷ্ঢʹΑͬͯɼZ1 ͕௿Լ͠ Z2 ্͕ঢ͢Δͱ͍͏݁ՌΛಘͨɽҰํɼ
෇࿦ B ͷ (B4) ࣜΑΓɼۉ੪੒௕ܦ࿏্Ͱ͸ g = gK = Z1 − Z2 ͱ͍͏ؔ܎͕੒ཱ͢Δ
͜ͱ͕Θ͔Δɽ͜ͷ݁ՌΛ૯߹͢Δͱɼ͜ͷέʔε Ͱ͸ɼ  ͷมԽʹΑͬͯఆৗঢ়ଶ
Ͱͷ੒௕཰ g ͕ݮগ͢Δͱ͍͏͜ͱʹͳΔɽ39 ͔͠͠ͳ͕Βɼ2.4.2 અͷ (32)͔ࣜΒ໌
Β͔ͳΑ͏ʹɼ
∂g




࢈ʹׂ͘࿑ಇ࣌ؒγΣΞ u ͷݮগ͕֬ೝ͞Εͨɽ͕ͨͬͯ͠ɼ(i) ͱಉ༷ʹ͜ͷ (ii) Ͱ
΋ɼෛͷ؀ڥ֎෦ޮՌͷ্ঢ͸ރׇੑࢿݯͷ࢖༻Λઅ໿͠ɼ࠶ੜՄೳࢿݯͷ஝ੵΛΑ
39Z1 ͕௿Լ͠ Z2 ্͕ঢ͢ΔͷͰɼ
∂g
∂  < 0 ͷ੒ཱ͕༧૝͞ΕΔɽ
28ΓҰ૚ਐΊΔํ޲ʹ࡞༻͢Δɽͨͩ͠ɼҟ࣌఺ؒͷ୅ସͷ஄ྗੑ͕૬ରతʹେ͖͍ͷ
Ͱ (θ ͕૬ରతʹখ͍͞ͷͰ)ɼ౤ࢿྔΛ૿΍ͯ͠ফඅਫ४Λ཈͑ΔΑ͏ͳۉߧʹ޲͔͏
͜ͱʹͳΔ (Z1 = Y
KɼZ2 = C
K ͷมԽΑΓ)ɽҎ্Λ૯ׅͯ͠ɼ࣍ͷ໋୊ʹ·ͱΊΔɽ





















త੒௕ͷ֓೦ʹ͍ͭͯɼ௥Ճతʹ࣍ͷ 2 ͭͷఆٛ෇͚͕ՄೳͱͳΖ͏ɽͦΕ͸ɼ(ii) ਖ਼

























ۉ੪੒௕ܦ࿏্Ͱ͸ɼY ɼKɼc ͸ಉ͡੒௕཰ʢ͜ͷ੒௕཰Λ g Ͱද͢ʣͰͳ͚Ε͹
ͳΒͳ͍ɽ·ͨɼR ͕Ұఆ཰Ͱ੒௕͢ΔͳΒ͹ɼ ʢ(4) ࣜΑΓʣu ͸ҰఆͰͳ͚Ε͹ͳΒ
ͳ͍ɽ͜ͷ݁ՌΛ༻͍ͯɼఆৗঢ়ଶʹ͓͍ͯ (8)-(10) ࣜͷ྆ลͷର਺ΛͱΓɼ࣌ؒʹͭ
͍ͯඍ෼͢ΔͱҎԼͷ͕ࣜಘΒΕΔɽ
− θg = gλK (A1)
gλK + g = gλR + gR (A2)
gλK + g − gE = gλS (A3)






α4 − µ 
1 − α1
gE (A4)
͜͜Ͱ(A3) ࣜʹ͓͚Δڞ໾ม਺ͷ੒௕཰Λআڈ͢ΔͨΊʹɼ(A1) ࣜͱ (13) ࣜΛ(A3)
ࣜʹ୅ೖ͢Δͱɼ࣍ͷ (A5) ͕ࣜಘΒΕΔɽ
(1 − θ)g = gE + ρ (A5)
࣍ʹ (9) ࣜͱ (12) ࣜΑΓɼ
gλR = ρ −
α3DL
α2
u − D(1 − u)L + γ
















͜͜Ͱ(A1) ࣜͱ(A2) ࣜΑΓಘΒΕΔgλR =( 1−θ)g−gR Λ(A6) ࣜʹ୅ೖ͢ΔͱɼҎ
Լͷ (A7) ͕ࣜಘΒΕΔɽ
(1 − θ)g = ρ −
α3
α2
(DL− γ − gR)( A7)




α3(DL− γ) − ρ(α2 + α4 − µ )




α3(DL− γ) − ρ(α2 + α4 − µ ) > 0( A9)
಺఺ղͰ͋ΔͨΊʹ͸ɼ࿑ಇྗ͕࠷ऴࡒͷੜ࢈ͱ࠶ੜՄೳࢿݯͷճ෮ͷ૒ํʹ༻͍




α3(1 − θ)(DL− γ)(µ  − α4)+( α2 + α3 + α4){α3(DL− γ) − α2ρ}
α3{(α2 + α3 + α4) − (1 − θ)(α2 + α4 − µ )}
<D L− γ
(A10)




α3(1 − θ)(DL− γ)(µ  − α4)+( α2 + α3 + α4){α3(DL− γ) − α2ρ}
α3{(α2 + α3 + α4) − (1 − θ)(α2 + α4 − µ )}
<D L− γ
(A11)

















gK = Z1 − Z2 (B4)
gZ1 = gY − Z1 + Z2 (B5)
gZ2 = gC − Z1 + Z2 (B6)
gZ3 = gE + Z3 (B7)
ੜ࢈ؔ਺ (1) ࣜΑΓɼ࣍ͷ (B8) ͕ࣜಘΒΕΔɽ
gY = α1gK + α2gu + α3gR +( α4 − µ )gE (B8)
32͜͜Ͱɼ(10)ɼ(11)ɼ(13) ࣜΑΓ
gE = gY − α1Z1 (B9)
͕ಘΒΕΔɽ·ͨ (9)ɼ(11)ɼ(12) ࣜΑΓ






gY = α1Z1 +
α3(DL− γ) − α1Z2
1 − α2 − α4 + µ 
(B11)
͜ͷ (B11)ࣜΛ (B5)ࣜͱ (B10)ࣜʹ୅ೖ͢ΔͱɼҎԼͷ (B12)ɼ(B13)͕ࣜಘΒΕΔɽ
gZ1 =( α1 − 1)Z1 +
α3(DL− γ)+( α3 + µ )Z2






α3(DL− γ) − α1Z2
α1 + α3 + µ 
(B13)










࠷ޙʹɼ(B9) ࣜͱ (B7) ࣜΑΓɼҎԼͷ (B15) ͕ࣜಘΒΕΔɽ
gZ3 =
α3(DL− γ) − α1Z2
α1 + α3 + µ 
+ Z3 (B15)
Ҏ্ΑΓɼμΠφϛΧϧɾγεςϜ(Z1,Z 2,Z 3,u)͸ɼ(B12)ɼ(B14)ɼ(B15)ɼ(B13)

















































(α1 − 1) ˆ Z1




  ˆ Z2 ˆ Z2 00
0 − α1 ˆ Z3
α1+α3+µ  ˆ Z3 0
0 − α1ˆ u






΍΍ෳࡶͳܭࢉΛཁ͢Δ͕ɼtrace ͱ determinant ͸ͦΕͧΕҎԼͷΑ͏ʹٻΊΒ
ΕΔɽ
Trace[J]=
3α1(α1 + α3 + µ ){ρ(1 − α1) − α3(1 − θ)(DL− γ)}




α3DL ˆ Z1 ˆ Z2 ˆ Z3ˆ u{θα1(α1 − 1) + α1α3(θ − 1) + α1 µ(θ − 1)}




ఆཧ B1 ֦ு͞Εͨ Routh-Hurwitz ৚݅ΑΓɼtrace ͕ਖ਼Ͱ׌ͭ determinant ͕ෛͰ
͋ΔͳΒ͹ɼdeterminant ͸ۉߧ఺΁ͱ޲͔͏҆ఆతΞʔϜΛܗ੒͢Δ͔Βɼ͜ͷͱ
͖ۉߧ͸αυϧܦ࿏҆ఆతͰ͋Δɽ
͜ͷఆཧ B1 ͕ड़΂Δঢ়گ͸ɼ໨Լͷݻ༗ଟ߲ࣜ (characteristic polynomial) ͕ɼͦͷ
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